Recent discovery of superconductivity at 26 K in LaO 1−x F x FeAs [5] has opened a new chapter in superconductivity research. The superconductivity was induced by partial substitution of O 2− with F − in the parent compound LaFeAsO whose crystal structure consists of insulating La 2 O 2 layers and conducting Fe 2 As 2 layers (see the inset of Fig. 1(b) ). Following this discovery, the superconducting transition temperature T c over 40 K was realized in LnFeAsO 1−x F x (Ln=lanthanides) [7, 8, 9] and LnFeAsO 1−δ [10] . Through an alternative chemical doping of thorium-for-gadolinium, T c has achieved 56 K in Gd 0.8 Th 0.2 FeAsO. [11] These substitutions introduce extra positive charges in the insulating Ln 2 O 2 layers, and extra electrons are produced onto the Fe 2 As 2 layers as a result of charge neutrality. The occurrence of superconductivity in this sense is rather similar to * Electronic address: ghcao@zju.edu.cn † Electronic address: zhuan@zju.edu.cn cuprate superconductors in which superconductivity appears when appropriate amount of charge carriers are transferred into the CuO 2 planes by chemical doping at "charge reservoir layers". [12] Band structure calculations and theoretical analysis reveal itinerant character of Fe 3d electrons in the ironbased oxyarsenides. [13, 14, 15] The calculated electron density-of-states (DOS) versus energy for LaOM As (M = Mn, Fe, Co and Ni) by Xu et al. [16] shows that the main feature of total DOS remains unchanged, except that Fermi levels shift toward the top of valence band with band filling (adding electrons) one by one from M = Mn, Fe, Co to Ni. According to this calculation, substitution of cobalt for iron is expected to add electrons into Fe 2 As 2 layers because cobalt has one more electron than iron does. Therefore, we explored the cobalt substitution for iron in LaFeAsO system. Strikingly, superconductivity was observed by slight cobalt doping even on the superconducting-active Fe 2 As 2 layers. 3 , all operating in a glove box filled with high-purity argon. The pellets were sealed in evacuated quartz tubes and heated at 1433 K for 40 hours. Lattice parameters as a function of Co content. The lattice parameters are refined based on a P 4/nmm space group by a least-squares fit using at least 20 XRD peaks. The inset shows the crystal structure of LaFe1−xCoxAsO.
The oxygen content in LaFe 1−x Co x AsO is an important issue in present study, because oxygen deficiency itself might induce superconductivity. By highpressure synthesis, superconductivity was indeed observed in oxygen-deficient LnFeAsO 1−δ [10, 17] . It has also been reported that superconductivity was induced by oxygen deficiency in Sr-doped LaFeAsO via annealing in vaccum. [18] We note that all the reported superconductors showed a remarkable decrease in a-axis as well as c-axis owing to the oxygen deficiency. However, the present LaFe 1−x Co x AsO samples show no obvious change in a-axis, suggesting no significant oxygen deficiency.
Figure 2(a) shows the temperature dependence of electrical resistivity (ρ) in LaFe 1−x Co x AsO. For the parent compound, a prominent anomaly characterized by a drop of ρ was observed below 150 K. Neutron diffraction study [6] indicated a structural phase transition at 155 K followed by an antiferromagnetic spin-density-wave transition at 137 K in LaFeAsO. The drop in ρ (and also χ, shown in the inset of Fig. 2(c) ) at the structural transition temperature was interpreted as the result of incipient magnetic order. [19] On doping 1% Co, the anomaly temperature T anom was suppressed to 135 K. For 0.025 < x < 0.125, the resistivity anomaly disappears, instead, it shows a resistivity minimum at T min depending on the Co-doping levels. At lower temperatures, these samples become superconducting with T c from 7 to 13 K, as can be seen more clearly in Fig. 2(b) . The samples of x=0.15 and 0.2 show no sign of superconducting transition above 3 K. The magnetic susceptibility at low temperatures (Fig. 2(c) ) show strong diamagnetic signal for the samples with 0.025 ≤ x ≤ 0.125. The magnetic expelling (Meissner effect) fraction and magnetic shielding one of the sample of x=0.075 are estimated to be 11% and 30%, respectively, confirming bulk superconductivity. For x=0, 0.01 and 0.15, no superconductivity was observed above 2 K.
The electronic phase diagram for LaFe 1−x Co x AsO was thus established from the above experimental data, as depicted in Figure 3 . The phase region of the SDW state is very narrow. 2.5% Co doping completely destroys the SDW order, and superconductivity emerges. In the superconducting regime with 0.025 ≤ x ≤ 0.125, one sees a dome-like T c (x) curve, similar to that of cuprate superconductors. Though the normal state shows metallic conduction at high temperatures, semiconducting behaviour is all observed above T c . It is noted here that the borderline between metallic and semiconducting regions is not well established because polycrystalline samples were employed. For the higher Co-doping levels of x ≥0.15, superconductivity no longer survives. Further Co doping is also of interest, because the other end member LaFeCoO was an itinerant ferromagnetic metal [21] .
The present Co-doped LaFeAsO system shows both similarities and differences in comparison with the phase diagram of F-doped LaFeAsO [5, 14, 20] . First, the AFM SDW state in LaFeAsO is suppressed or destroyed by the electron doping in both systems. Second, both systems show a maximum T c upon electron doping. However, there are some differences as for the details of the electronic phase diagrams. (1) Co doping destroys the AFM order more strongly, and it shows no coexistence of superconductivity and SDW state. (2) The maximum T c is significantly lower in Co-doped system. (3) The optimal doping level is significantly lower and the superconducting region is narrower in LaFe 1−x Co x AsO system. (4) The normal state of LaFe 1−x Co x AsO system shows semiconducting behaviour above T c . The last three points are probably related with the disorder effect within (Fe/Co) 2 As 2 layers. The first issue can be qualitatively understood in Figure 4 . According to the theoretical studies [22, 23, 24] , the AFM order in the parent compound originates from the competing nearest- The electronic phase diagram for LaFe1−xCoxAsO. Tanom denotes the resistivity anomaly temperature arising from the incipient magnetic order. Tρ,min) separates the metallic and semiconducting regions in the normal state of the superconductors. Note that the vertical axis is in logarithmic scale. neighbor and next-nearest-neighbor superexchange interactions, bridged by As 4p orbitals. Both interactions are antiferromagnetic, which gives rise to a frustrated magnetic ground state (striped AFM). Upon doping Co onto the Fe site, the original antiferromagnetic superexchange interactions may be changed into a double exchange between Co and Fe atoms, which obviously destroys the striped AFM order.
Co-doping induced superconductivity challenges our previous understanding about occurrence of superconductivity via chemical doping. As a typical magnetic element, cobalt does not act as superconducting Cooper pairs breakers, which implies unconventional superconductivity. Additionally, superconductivity is robust in spite of doping on the Fe 2 As 2 conducting layers. These facts support the itinerant scenario of the 3d electrons, reminiscent of superconductivity on the border of itinerant-electron ferromagnetism in UGe 2 [25] . For the cuprate superconductors, in sharp contrast, substitution of Cu with its neighbors in Periodic Table (Ni and Zn) in CuO 2 definitely destroys the superconductivity. [26] Therefore, our result suggests that the mechanisms of two class high temperature superconductivity should be essentially different.
